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Abstract
Objective—To assess whether rapid high voltage ventricular pacing can also induce atrial fibril-
lation, and whether the induction of atrial fibrillation during ventricular fibrillation conversion
testing is related to the patient’s heart disease.
Design—Prospective study of 50 patients who received the dual chamber implantable
cardioverter-defibrillator (ICD) Ventak AV II DR (Guidant) as a first implant. This device can
record atrial activity even during a ventricular fibrillation episode and can induce atrial fibrillation
by rapid atrial bursts.
Main outcome measures—Frequency of atrial fibrillation after induction of ventricular fibril-
lation; clinical characteristics of patients with and without induced atrial fibrillation; frequency of
atrial fibrillation induced by rapid atrial bursts during predischarge testing.
Results—Atrial fibrillation was observed in 40 of the 217 ventricular fibrillation episodes (18%)
that could be detected immediately after delivery of high voltage pacing. The biphasic ICD shock
for termination of ventricular fibrillation also terminated the atrial fibrillation in all cases. The 40
episodes of simultaneous atrial and ventricular fibrillation occurred in 18 patients (36%). The
distribution of the clinical characteristics of the patients and the inducibility of atrial fibrillation
during predischarge testing were similar in those with and without induced atrial fibrillation.
Conclusions—Rapid high voltage ventricular pacing frequently induces atrial fibrillation, which
was terminated by the subsequent biphasic ICD shock. The induction of atrial fibrillation seems
to be a non-specific phenomenon, unrelated to the clinical status of the patient.
(Heart 2000;83:178–180)
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The verification of eVective termination of
ventricular fibrillation is one of the crucial
issues during the implantation of a
cardioverter/defibrillator (ICD). One well es-
tablished method for induction of ventricular
fibrillation is the delivery of rapid high voltage
pacing pulses to the ventricle. Little is known
about the eVect of this stimulus on the atrial
myocardium, especially its ability to induce
atrial fibrillation.1 One reason for this is the
methodological limitation which makes it
impossible to assess atrial activity from the sur-
face ECG during an episode of ventricular
fibrillation. New dual chamber ICDs, which
are connected to both a ventricular and an
atrial pacing lead, enable atrial activity to be
monitored continuously during an episode of
ventricular fibrillation. Our aim in this study
was to describe the frequency of atrial fibrilla-
tion induced by the delivery of rapid high volt-
age pacing pulses during ventricular fibrillation
conversion testing in patients undergoing an
ICD implantation. Patients with and without
induced atrial fibrillation were also compared
to assess whether the induction of atrial fibril-
lation is related to the patient’s heart disease.

Methods
PATIENTS

Patients with the indication for an initial ICD
implant were enrolled in 18 European centres
for the clinical evaluation of the new dual

chamber ICD Ventak AV II DR (Guidant, St
Paul, Minnesota, USA). The findings concern-
ing the device detection and treatment will be
presented separately.

DEVICE

The Ventak AV II DR is a dual chamber, three
electrode (device electrically active) ICD. The
device was connected to the defibrillation lead
(Guidant), which was placed in the right
ventricle, and to the Sweet Tip pacing lead
(Guidant) with active fixation in the atrium.
The extended telemetry facilities of the ICD
allow monitoring of ventricular and atrial
activities simultaneously. The ICD can deliver
both high voltage pacing pulses to the ventricle
and rapid burst pacing in the atrium for
electrophysiological testing.

IMPLANTATION

After lead implantation and connection to the
ICD, ventricular fibrillation conversion testing
was performed. The ventricular fibrillation
induction method was to deliver rapid high
voltage pacing pulses with 7.5 V pulse
amplitude at 1.0 ms pulse duration and 50 Hz
for three to five seconds. The induced ventricu-
lar fibrillation was detected by the ICD and
subsequently terminated by biphasic shocks.
The defibrillation threshold was established
according to a step down protocol (< 5, 6, 7, 9,
11, 14, and 17 J) or by verification of a
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suYcient converting energy, as defined in the
study protocol (that is, two successes at 17
joules stored.)

PREDISCHARGE TEST

Predischarge testing included the induction of
atrial fibrillation by rapid atrial bursts. Atrial
pacing with 5.0 V pulse amplitude and 0.5 ms
pulse duration began at 300 ms, with progres-
sively shorter coupling intervals of 20 ms decre-
ments until a lack of atrial capture was observed.
At the end of predischarge testing ventricular
fibrillation was induced to verify the energy
requirements for arrhythmia termination.

ANALYSIS

The frequency of atrial fibrillation induced by
rapid high voltage pacing was recorded. Patients
in whom ventricular fibrillation as well as atrial
fibrillation was induced (with AF group) were
compared with those with no atrial fibrillation
(no AF group) for clinical characteristics and the
inducibility of atrial fibrillation by rapid atrial
pacing during predischarge testing.

STATISTICS

Statistical analyses were performed with the
two sided Student’s t test and the Fisher test.
Probability (p) values less than 0.05 were con-
sidered statistically significant.

Results
We enrolled 52 patients. Two were excluded
from the analysis because of chronic atrial
fibrillation.

A defibrillation threshold was established in
26 patients according to the step down
protocol, and a suYcient level of converting
energy was verified in 24. There were 217 ven-
tricular fibrillation episodes, which were termi-
nated by a subsequent device shock. Fifteen
patients had two inductions, eight had three,
seven had four, four had five, five had six, two
had seven, and nine had eight.

After the delivery of rapid ventricular pacing,
atrial fibrillation was observed in 40 of the 217
ventricular fibrillation episodes (18%). Atrial
fibrillation was present immediately after the
delivery of the high voltage pacing and seemed
to be induced by the atrial capture of the high
voltage pacing pulses. The duration of high
voltage pacing was not related to the incidence
of atrial fibrillation. The subsequent biphasic
ICD shock terminated all episodes of atrial
fibrillation. During the first two ventricular
fibrillation inductions the frequency of atrial
fibrillation was 24% and ranged from 13% to
18% for the subsequent ventricular fibrillation
inductions (fig 1).

The 40 episodes of atrial and ventricular
fibrillation occurred in 18 of the 50 patients
(36%). These patients each had a mean (SD)
of 2.2 (1.3) episodes of atrial fibrillation (range
1 to 6). The first occurrence of atrial fibrillation
was during the first or second induction of
ventricular fibrillation in 17 of these patients
and during the fourth induction in one. The
clinical characteristics—including a history of
paroxysmal atrial fibrillation—of the 18 pa-
tients with induced atrial fibrillation did not
diVer from those of the 32 patients without
atrial fibrillation (table 1).

Atrial fibrillation induced by rapid burst
pacing in the atrium was observed in 33
patients during predischarge testing. The
frequency of atrial fibrillation was similar in
patients with evidence of atrial fibrillation dur-
ing ICD implantation (13/18; 72%) and in
patients without a history of atrial fibrillation
(20/32; 63%) (p = 0.55).

Discussion
Programmed atrial stimulation is commonly
used to induce atrial fibrillation in humans.2–5

This technique, however, is not always suY-
cient to induce the arrhythmia in all patients. A
more reliable protocol, which is often used in
animals, is the delivery of 50 Hz pacing pulses
to the atrium.1 Similar techniques for the deliv-
ery of rapid high voltage pacing pulses to the
ventricle are well established for the induction
of ventricular fibrillation in patients undergo-
ing ICD implantation.

Arrhythmic eVects on the atrium have been
observed from the delivery of ICD treatment.6–8

The arrhythmic eVects of ventricular induction
techniques for the atrium have not been
thoroughly studied. An ICD shock can some-
times induce atrial fibrillation, which is pre-
sumably related to delivery of energy within the
atrial vulnerable period.6 In two studies, an

Figure 1 Atrial fibrillation during each episode of ventricular fibrillation (VF).
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Table 1 Clinical data of patients with and without atrial fibrillation during intraoperative
ventricular fibrillation (VF) conversion testing

With AF No AF

Patients 18 32
Male 16 (89) 28 (88) NS
Age (years) (mean (SD)) 63 (12) 57 (11) NS
Coronary heart disease 13 (72) 19 (59) NS
History of atrial fibrillation 4 (22) 6 (19) NS
Left ventricular ejection fraction (%) (mean (SD)) 39 (17) 34 (14) NS
NYHA I + II 13 (72) 24 (75) NS
NYHA III + IV 5 (28) 8 (25) NS
Primary arrhythmia

MVT 8 (44) 17 (53) NS
VF 10 (56) 15 (47) NS

Antiarrhythmic drugs
Class I 0 3 (9) NS
Class II 3 (17) 3 (9) NS
Class III (sotalol) 2 (11) 4 (13) NS
Class III (amiodarone) 3 (17) 5 (16) NS

Values are n (%) unless otherwise stated.
AF, atrial fibrillation; MVT, monomorphic ventricular tachycardia, NYHA, New York Heart
Association functional class.
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induction of atrial fibrillation was observed
after the application of low energy shocks.7 9 In
addition, lead systems that include an electrode
within the right atrium seem prone to inducing
atrial fibrillation.7 8

In the present study, rapid high voltage ven-
tricular pacing with an extended bipolar
configuration induced atrial fibrillation with
modest frequency. The mechanism seems to be
primarily atrial capture; no retrograde conduc-
tion was observed. Nevertheless, the frequency
of induced atrial fibrillation was nearly similar
to the occurrence reported with low energy
shocks, and subsequent high energy ICD
shocks terminated the atrial fibrillation in all
cases.7 All but one of the patients who were
inducible had their first episode of atrial fibril-
lation within the first or second ventricular
fibrillation induction. Although this seems to
indicate that some patients are more prone to
the induction of atrial fibrillation, its inducibil-
ity was neither related to the patient’s heart
disease nor to the history of paroxysmal atrial
arrhythmia or its inducibility by rapid atrial
pacing. Other investigators have also been
unable to determine identifying factors in
patients with inducible atrial fibrillation.7 8

LIMITATIONS

The atrial pacing lead was necessary to record
the atrial activity during ventricular fibrillation,
but it may have facilitated the induction of
atrial fibrillation.7 Because of the immediate
termination of atrial fibrillation by device shock
we could not assess whether the induced atrial
fibrillation would be sustained and later termi-
nate spontaneously.

CONCLUSIONS

Rapid high voltage ventricular pacing for
ventricular fibrillation induction during ICD
implantation was often capable of inducing
atrial fibrillation through atrial capture; this
was terminated by the subsequent ICD shock.
Although some patients seem prone to this
induction, we were unable to predict it from the
variables studied.
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